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Introduction
The proposed uranium tailings retention system is to be constructed at the
Shootering Canyon site in Garfield County, located in southeastern Utah,
The impoundment area will Be 14 mtles from the. nearest existing permanent1y-
occupied area (Bullfrog Basin Marina)._ The tailings impoundment will be
located in a §a11ey which slopes gently downward to the south. A high steep
butte lies imnmediately west of the Galley and several Tow-1ying mesas lie to

-.the east. The ground surface elevations range from‘approximately 4576 at the
rorth end of the mesa where the-plant will be built, to about 4350 in the ~

proposed tailings pond.

The design of the impoundment was based on a requirement to store 20 years of

tailings output from the plant at 750 tons ner day. Design of the embankment

was based on construction in 2 stages - to an 1n1t1a1 crest at EIevation 4433 P

end a final crest at E{e;atinn 4466. The 1400 feet long zoned embankment wiI] have

2n imper&ious, sloping core, transition zones, shells constructed of Tocal

pediments. and a downstream blanket drain. A c1ay Jiner will be proQided in the
— jrpoundment area. The tailings management p1an anticipates initial depos1tion

LI L

2t the upstream end of the impoundment.

Subsurface In@estigations

A total of twenty exploratory borings ranging in depth from 16.5 to 152.5 ‘
feet below the existing ground surface were drilled at'the site. Soil samples
were obtained with a 2-inch outside diameter sp11t spoon samp1ef and a 2-inch

inside diameter modified California drjve sampler lined with thin, brass

secmented tubes. Rock core was obtained using an NX double-tube core barrel
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with diamond bit. Twenty-eight shallow test pits were excavated for the
purpose of explering the potential borrow arees, the foundation for the
proposed teilings dam and the plant site. Water pressure testing

with packers was done in a number of oorings in order to eQeluate the

in-situ permeability of the geological formation.

Laboratory Testing

-

Representetide semples were selected for laboretory testing in order

to establish engineering oroperties of the embankment and foundation

materials. Laboratory testing included watér.-.content, dry density,

Atterberg limits, grein size, conpaction, unconfined compression, triaxial
~ shear and permeability tests. We conclude that the Iaboretory testing was
'.adequate and that the app]icent has properly established foundation and -

embankment material properties required for design.

Foundation Conditions

Exp1oratory oorings in the foundation meteriels for the portion of the dam

across the main valley showed a th1n surface layer of loose f1ne sand

SR e L=

a maximum of 2 feet in th1ckness. Soft to med1um "hard and occas1ona11y e
moderate1y hard, f1ne-gra1ned sandstone with occas1ona1 th1n zones of silty,
clayey f1ne sandstone was encountered beneath the sand and extended throughout
tbe depth of the borings (152.5 feet). Borings drilled in the saddle area

of the embankment,.to be used as an emergency spiilway, encountered shallow
alluvial deposits consisting of about 12 feet of dense fine sand with sone
gra@el o@er]ying dense cobb]es, greQe1 and sand to a depth of from 23 to

29.5 feet. Soft to medium hard fine-grained sandstone underlies the alluvial

deposits. ' : ' -
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From available informétion. the depth to groundwater is in excess of
100 feet in the area of the proposed tailings impoundment. The field
exploration program did not indicate any éppérent imperQious boundaries
at depth. Permeability coefficients of the sandstone foundation obtained

from the in-situ permeabi]ity tests ranged from 1 x 10'6 cm/sec to

1x107° cm/sec.

Embankment Foundation Prgparatidﬁ

as fill. A1l soil will be excé@ated to sobnd bedrock in the core (Zone 1)

The embankment across the Qalley and the saddle section was aligned to take
ad@antage of the naturally occurring abutments and to minimize foundation

excevation. Loose soil reméining after topsoil has been stripped from dam

- and reservoir areas will be removed and stockpiled for possi51e later use

foundation and the exposed bedrock will be slush grouted. Irregular bedrock
surfaces will be removed to obtain a generéT]y smooth surface.. A1l soil will
not necessarily be removed beneath the transition zones and shells. The
suitabte foundation soil reméining after excavation will be scarified and
recompa;téd. Upon'comb]etion o% foundation prepér&tioﬁ, the B;HEock and

soil foundation conditions will be documented as detailed in the attached license

conditions.

Ermbenkment Desian

a. Cross-section - The zoned embankment to contain the tailings will be

censtructed in two stages. The stage 1 crest will be at E1e;étion 4433

(crest width of 85 feet). The maximum height of the stége 1 dam 15.85 feet
and the maximum height of the stage 2 dam is 118 feet. Upstream and downstre&m
embenkment s]ope; will be 2 horizental on 1 vertical. Interné1.zoning.wj11
consist of an 4impermeable sloping core (Zone 1), shells constructed from

loca) pediments (Zone 2) and upstreém and downstream sand transition zones
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between the core and shells (Zone 3). A 24:inch thick gré§e1 blanket

drain and 6 inch th%ck blanket filters will be pro@ided under the downstream
shell and tied into a toe drain. The crest of each stége is to be’

covered with 2 feet of roadbed materiél.

b. Upstream Liner - An upstreém liner has been designed to inhibit

seepage of the effluent into the foundétion rock &nd the concomitant
contamination of the grodndwater and surrounding areas. The liner will

consist of impermeab]e clay constructed of Zone 1 material and tied into

the core. The liner will be cerred Ey 5 grinu]ér sub-dréin énd-ﬁ léyeﬁ

of waste rock. The thickness of the compéctéd clay is to be 10 percent

of the applied hydraulic head with a minimum thickness of 2 feet. The sub-drain
will be a fine sand meeting the criteria for Zone 3 and will have a minimum
‘thickness of 18 inches. The protecti@e waste rock léyer will have a

minimum thickness of 12 inches.

c. Materials - The fill for the impoundment clay liner and
the 1mperv1ous core will consist of sindy silty, clayey ' ;’T . i )
soil obtained by breaking down natura] sandy. c]ayey shales of the

Tocal Brushy Bas1n, Mancos or Summerv111e format1oﬁ§:‘-Nb:méiééig{;larger-w”“~
than one inch in size will be permitted in the clay liner or the impervious
core and the percentage of fines (finer than the No.fzbb mesh sie@e) will be
gréater than or equal to 50 percent. Other specification controls reguire

a minimum density of 95 percent of maximum dry dehﬁity estéb]%shed fﬂ.{ﬁ;:”’
standard Proctor compaction test (ASTM 0698-765, placement ét moisture as
detailed in the license coﬁditions, and a maximum loose 1ift thi;kness of

A

8 inches;
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The shell sections (Zone 2) will be constructed from the pediment boulders,
cobbles, gra@el ;hd sand which cap the mesa tops. The maximum size of the
Zone 2 material will be 12 inches and material larger than 12 inches in
size will be raféd to the outér portion of the zone to:serve as slope protection
material. A test fi1l for Zone 2 materiél will Be constructed prior to
commencement of fill p15cem¢nt to establish the compéction chérécteristics
of this material and to Qerify the adequacy of'the present “method" specificétion
of & passes on each layer w%th a 10-ton Qibrétory roller. La&ers of Zone 2
materials will not exceed 12 inches in loose thickness except in the oufef
10 feet of shell (slope protection) where a méximum of 18 inch lifts méy be

~used. The material in this zone will bg uniformly wetted prior to compéction;
.In order to meet filter criteria between Zones 2 and 3, the finer fraction of
Zone 2 material will be pfaced adjécent to Zone 3. This will be accomplished
during Zone 2 construction By continuously réking the material larger than
4 inches out of the érga adjécent to Zone 3. _The @rénsition zone ﬂZone 3) .
between thé core and the shells will be constructed of fine sand available in
local dune sand deposits; The Zone 3 materials meet filter crftéfié and thus -
will act as a filter to protect agéinst piping of the Zone 1 material %nto-Zone 2.
The Zone 3 fine sand will be compacted to either (1) an average of 85% but not

" less than 80% relative density as determined by ASTM D-2049, or (2) at least
95% of the maximum dry densit} as determinea by ASTM D-698-70, whichever results
in the higher in place dry density. Other specificétion controls of the fine sand
include gradation limits, placement at moisture:contents as detailed in the

license conditions and a maximum loose 1ift thickness of 8 inches.
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The blanket drain and filter will be constructed of processed material
meeting specified gradation reqﬁirements. Grénulér méterié1 in these
; ' zones will be uniformly wetted then compacted:by 4'pésses of 20 ton

Qibratory equipment;

The proposed specification controls on material type, p1écement and compaction
for the proposed dam are consistent with methods ﬁsed todéy in embénkment

construction, and are considered to be écceptab1e.

d. Stebility Analysis

The proposed stage 2 dam configuration was analyzed for stéﬁi]ity of the
upstream and downstream faces along its maximum cross-section. The

. Morgenstern-Price method was used for éna1ysis of non-circular failure surfaces
under loading conditions that are consistent with the guidelines of Regulatory -
Guide 3.11. Analysis for seismic conditions consisted of bsebdostétic
analysis; additional forces due to .689 in the horizontal direction and ;649
in the vertical direction were épp]ied to account for 105ding under earthquake
conditions. The applied seismic forces are considered conservative based on
A]germi§sén and Perkins, 1976 (Ref. 5). It should be noted however, that GSB U

has not made a detailed geology-seismology review of this site;

Results of stability analyses equé]ed or exceeded the minimum safety

reqbirements of Regulatory Guide 3.11 for all loading conditions.
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é. Seepage Control - The contouring of the iﬁpoundment will be

such that the upstream sub-drain can carry the effluent to a collection

pipe system whichiu1timate1y discharges into a sﬁmp to be recycled Béék

to the processing p]ént or the_impodndment. Construction of the liner against
the steep slopes é]ong the western mérgiﬁ of the impodndment will be
accomplished by trimming the slopes to allow for conventional placement

of the clay tlanket or, wehre this is not practicél. By placing the

blanket in stéges as a buttress to the same elevation as the rising téi1in95'
e1e§ation. Although the entire impoundment is to be prepéred for the ultimate
construction of the liner, the liner will be :constructed at this time

only to the stage 1 limits of tailings disposél (upstreém end of impoundment
area).

A series of groundwater monitoring wells have been p1éced around the outside -
perimeter of the embankment and impoundment to monitor ény seepége through

the liner. In addition, ény seepage through the embankment will be collected

by the downstream toe dréin énd recycled to the plant.

f. Liguefaction Potential

O

A 1iqueféction énalysis wgé-hofnbérfofméé:-“fﬁe éf;ﬁdlér.hé;ériéfs éf Zones

2 and 3 in the embankment ére to be densified under strict specificﬁtion
requriements which should ensure their stability égainst liquefaction. The

alluvial deposits found beneath the sadd]e portion of -the :embankment exh1b1t “N"
values in the standard penetration test suff1c1ent1y h1gh that further cons1derat1on

of liquefaction potential is not considered to be necessary.
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g. Instrumentation

The installation of piezometers and surface‘disp1écgment monuments is not
considered necessary for the‘stége 1 embankment since it will not be
subjected to the hydréﬁlic pressdres and external forces from the?iéiiings
effluent. Instrumentation of the embankment will be required at stage 2

or in the event that tailings ménagemeni plans change and tﬁi]ings effluent

is placed égainst the Stégg 1 embankment (see license condition 2).

Construction
The zpplicant has proQided plans and specificétions (Refereﬁce.3i; The
results of construction inspection and control testing by the applicant

- are to be:summarized in a concise construction report. This report must be
submitted to the NRC not later than six months following completion of
construction in order to show that the impoundment has been constructed
2s designed. Recommended minimum inspection of the construction By the

NRC has been proQided in license condition 1.

Conclusion it wiz

Based on the review of the submitted documents, we conclude that the
proposed Shootering Canyon tailings retention system meets the intent of
Regulatory Guide 3.11 and williresult in a safe system proQiding the

recommended licensing conditions attached to this report are carried out.
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Recommended License Conditions

Provide commitment to notify the NRC at least three weeks prior to
construction of the following features in orde; to proyide adequatee
time for arrangements of'on-;ite inspections by the NRC.
a. Near completion of foundation preparation but prior to p1acement
of backfill in the trench or over excavated surfaces.
b. During early stage'of embankment fill placement;
¢c. At approximately 75 percent completion of embankment fill

placement.
Provide commitment to submit a detailed embankment instrumentation
program for NRC review one (1) month prior to eitner construction of stage
2 of the embankment’or to implementaticn of any plans for nlacing
ta11ings effluent against the stage 1 embankment . .
Density of Zones 1 and 3 shall be controlled in the field in accordance
with ASTM D-1556 D-2167 or by approved nuclear devices in accordance with
ASTM D-2522 and D- 3017 One test shall be made for each 2, 000 cublc
yards.or less for each layer. Moisture density tests (ASTM D-698 or D- 2049)
Atterberg 11m1ts (Zone 1), and gradation tests shall be performed at the
frequency of one test for each 30, 000 cubic yards of fill p]aced F1e1d

_density tests will be made in Zone 2 at the frequency of “one test for

each 50,000 cubic yards in order to verify that the degree of compaction
demonstrated in the test.fill is being maintained. The results of aII;qua1ity
control tests shall be submitted to the NRC within six months of completion

of construction.
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4, A report documenting the embankment foundation conditions shé]l be
submitted to the NRC within six months of completion of the foqndation
preparation. The report shall include but not be limited to the
following: _
a. Plan Qiews of the foundation area showiﬁg material-types, locations

of any anomalies or potential seepage paths, and the extent of slush

-

grouting. i

b. Photos taken during foundation prepération

c. Description of procedureﬁ used to proof test the foundatfon soit.
5. A1l fil1) placed in Zones 1 and 3 shall have moisture contents meetings

the following limits:

a. Zone 1: optimum moisture content to 3 percent wet of optimum,

b. Zone 3: 1 percent dry density of optimum to 1 percent wet of optimum,

Tose
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' ' ENCLOSURE 3
TYPICAL

. TECHNICAL ASSISTANCE
REVIEW SCHEDULE

Request for Technical Assistance
Received (with Environmental

Report) ) -
Site Visit* 4-7 weeks
Request for Additional Information 8-10 weeks
Response Received** ' 12 weeks
Assessment Trgnsmitted*** | 26 weeks

_* In order to schedule the site visits as early on in the review
process as possible, it would be useful to have advance notice
- concerning specific technical assistance requests so as to
allow us lead time in making contractual arrangements as required.

** (Clearly, response to requests for additional information is the most
critical factor in this schedule. A1l target dates are based on the
assumption that the applicant's proposal is basically acceptable
at the time of submission or else adjustments are made very quickly.

*** During the period between week 12 and week 26, the staff could provide
a draft to the State and allow a brief (approximately 1-2 weeks) time
for comments if this is needed. Any such state review prior to
receipt of the final assessmént would be negotiated on a case-by-case
basis. This would, of course, be in addition to the closely
coordinated review efforts of the NRC and State staffs which lead

. to the technical conclusions that are documented in the report.

CONFIDENTIAL . POL-EF;AO’I -0002024



. i ENCLOSURE 4
® 4

. UNITED STATES NUCLEAR REGULATORY COMMISSION a0 18 %77

BRANCH POSITION - URANIUM MILL TAILINGS MANAGEMENT
Fuel Processing and Fabrication Branch

Backaround

A major expansion in the uranium industry is tzking place. Many
times more uranium will be extracted in the upceming decades than hes
been extracted so far. This requires that the NRC examine very closely
the past problem areas encountered in the uranium industry and make sure

palad they are not compounded on an even larger scale.

The first major portion of the industry within the licensing juris-
diction of the NRC is uranium mil1ling. The major problem encountered in
past milling operations is the management of tailings generated by
the milling process. Although the concentration of radicactivity in
the tailings is relatively low, control mezsures are necessary becazuse
of the large quantities involved ard because of the long half-life of
the parent radionuclides that are present.

The management of mill tailings has received increasing attention
and interest in recent years from involved federal and state agencies
and from environmental conservation groups. This interest has resulted
from studies carried out during the last decade which have indicated
that yranium mill tailings, if not properly managed and controlled, ccould
present a potential public health hazard. The most vivid example, of
course, is the situation that occurred in Grand Junction. The remedial
actions determined necessary to correct the misuse of tailings in the.
construction of homes, schools, and other public stwructures are continu-
ing at substantial cost to the Federal Government and the State of
Colorado. .

i In addition, final technical resolution and finzncial responsibility
for the disposition of tailings at the 22 "inactive" sites being evaluated
by ERDA will further increase pubiic, state, and loca]l as well as con-

. gressional concern with prevention of similar problems in the future.

It is incumbent on NRC and the uranium industry to-assure that

current and future licensed milling operations do not result in similar
- situvaticns. ;

Towards this end, the NRC staff has developed performance cbjectives
for &n accepteble tailings management program based on the most up-to-
date technology available today.

Pcsition
The steff is of the opinion thzt an zcceptable tailings management

progrzm will vary depending on site or region specific parameters, such’
as gaology, hycrslcgy, and meteorology. Viable methods of tailings
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nanogement for a sPec1.1c m111 location may include classic impoundment
behind a dam, deep mine burial, open pit mine buriel, specially excavated
pit burial, or even e]imination of radicactive waste by process variations.

Ccnsidering the many variazbles involved, the st2ff will use the
following performance objectives to determine the adequacy of proposed
site specific tailings management progrems.

e

Siting and Desian

1. Locate the iai]ings isolation area remote frtmfpeop1e such
that population exposures would be reduced & the maximum
extent rezsonably achievable.

2. Locate the tailings isolation area such that disruption and
d15pers1on by natural forces is eliminated or redUC°d to the
maximum extent reasonably achievable.

3. Design the isolation area such that seepage of toxic materials
into the groundwater system would be eliminated or reduced
to the maximum extent reasonably achievzble.

During Operaticns

4. Eliminate the blowing of tailings to unrestricted areas during
normal operating conditions.

Post Reclamation .

et 5

Reduce direct gamma radiation from the impoundment area to
essentially background.

6. Reduce the radon emeznation rate from the impoundment area
to about twice the emanation rate in the surrounding environs.

7. Eliminate the need for an ongoing monitoring and maintenance
- program follcwing successful reclamaticn.

8. Provide surety arrangements to assure that suiTicient funds .
are availzble to complete the full reclamation plan.

Implementation

A1l cbjectives will be considered end satisfied during the review
of proposed t:x]wnge manacement programs for new milling operations.
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Current licensees' tailings management programs will be reviewed
to determine the best way to apply objectives 4 through 8 to the extent
practicable. '

During the course of license renewal reviews, the Tocations of
existing tailings areas will be reviewed considering obgectives 1
. through 3 to determine if sufficient cause exists to require an alter-
T nate d1sposa] location for tailings generated by future milling operat1ons
and the relocation of existing tailings at the t1me of mill deccmmissioning.

CONFIDENTIAL : POL-EPA01-0002027



	References



